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i
hst_duedon: Crop production durin_ ex_ended s,par_eflights requires the development or
pracedurel leading to (he optimum use ofth© ivmlsbl¢ en_g),. Sinc,cN sssim;la_ion is
one o£th¢ most costly £unaions o[a p[ent, optimizing ils use represents an area where

_illnificlnt input could be made to the CELLS prolpam. Since the oxid[tion ofh_mAn
wa_t¢ end ant,alibis plant parts can _rnish a significant proportion of"the N required to
support th© continuous growth of crops, a primlry que_ion Is how the plzats r_t to the
Ixpected products, nitrate, nitrite, ammonia, and urea atone and when mixed. B_h wheat
end barley were used in these studies,since both reacted simil_]y to the N sourcts.

i

Purple el'Study: To characterize and quavlt|tstehow the mixed N sources ;mp_s©
relNlatory rcatur©sat each point in the assimilstory pathwlys. To determine ho_ the_
findings directly relate to overall N use e_dency.

Re_ults. Ajn overall v:¢w of'N z.sdm,lalion, e.i_.,nitrate, is represented by its _bsorpfion
into the roots, wherein s portion _sreduced, a portion tr_slocatcd into the v_¢uol_ for
storage,and a portiontranslocatedintotheshootwhereinthesame allocationsocFur.

The assimilstorypathwayB includenetuptake(whichincludesinfluxand efflux),'

accumulationinthetissues,end reduclion.Ul_Skeincludesinductionand regulalionor

a_,tivityof'thetransportproteins.Accumulationincludesdeterminationor'thes_q_Re
salesand itsrelationtouptake_nd reduction.Reductionincludestheregulationo/'th¢

encymes nitratecad nitritereductases,theirinduction,turnover,and regulationot_their

a_i_t_r._, l_Schat'the.as pathways hu its own complex regulation Alr,o include_l ere the
complex intera_ions of their integration with each other. Our results in each ot'd_cs¢
areas are described below.

hie[ Uptake. Net uptake is highly regulatory to all the p,,thw_ys since it f'urnishekthe
initial flux of substrata. Each of'the p_thways react to the internal concentrations"
provided by uptake. Uptake in turn relictsto the external conc_ntraLionso1"lhe s_.lciiric
substrates All ofthe uptcke studies depended upon the development ofsn analytical
system that allowed rapid, sensitive methods approaching constant analysis of'th_

substrataSo]ution_containingthe('ourN compounds. Wc developedH:PLC methods

(Goyal, Hu.q'aker, 1986a; Goyal el zl, l gBd;Thayer, Ruff'aker, 1980)to simultsnepu._ly
•sssy for all four compoun_ in a nutrient solution in a mini gro,,vzhchamber.

Chlr_cterizmtion of nilrate Ifld ultrfle lraflsporlers. The nitrate _nd nitrite
transporters s_-re identified kin¢ically and the Km's determined (Aslsm el .1. 19p2). A
_onsfitmiw law Km system ,_,_* £o.nd which _b_orb_ beth nitrate _wd nitrhe (7 =nd 9

I_ respectively) (Aslam e( al. 1992)..In the Fre_ence of nltrate or nitrite, inducible
transporters were found with higher Km s of shout 35 and 45 IJ_, respectively {'dr nitrate
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and nitrite. A third constitutive linear nitrate _d nitrite uptake system was dru_ct_d ,it 40

pM and remains linelr up through high concentrations. The low Km system slicers the
coot to take up a small amoum of nitrate required to induce the uptake and reductiOn
syst©ms. The plant has developed several mechanisms for tiking up inorganic N
allowing It to react to a wide range of concentrations. Nitrite and nitrite are superb
competitiv_ inhibitors of each others uptake (Aslam etal. 1992). This must be taken into
account when both are present in a nutrient solution.

I

b NR required for nitrate ,ptake: HR has been proposed to play a role in the _ptake

ofnhrate. This study conclusively showed that nitrate uptake occurred in auras'barley
plants lacking both HAD and NADH specific nitrate reducla_es (Warner. Huffaktr.
1989). The mutant plants absorbed as much nitrate as the normal plants and a¢cdmulated
the nitrate in place of reducing it.

i

Interactive effects ofn|trate, nitrite, ammenltlm, and ur_ on uptake. Net uiHake
rates ofwbeat _'edllnss from substrat¢ _oludons containing all four compound Were
monitored simultaneously (Crlddle el al. 1988). Ahhough urea uptake wM too slow to
monitor, its presence had m_or inhibitory etTect_ on the uptake ofthe other compounds.

Rates of nitrate, ammonium, and nitrite uptake depended in a complex fashion oh the
concentration of all four N compounds. Equadan, were developed which describe the
uptake rates of each o£ the c,ompounds, and of total N, as functions af concentratloos of
all N _urces. "Ibis work represems a solid apl_oach to optimize the use ofthe fe,r N
sources,

Nits'ate nnd niirite effiux. Evidence now shows that effiux representsa seriou#ioss of
nitrate from the roots during the uptake processas the external con_,entratlonincreases
At lmM nitrate, about half of the nltrate influxed is efl]uxed. Since maw/of the:

investigators in the CELSS program use very high concentrations of nitrate in their
nutrient solutions, emux could greatly decrease efficient use of nitrate. We conlidered
the study afeff]ux to be one of the most critical issuesstudied durin8 the tenure bf the
grit. Some unique methods were developed for this study (Adam et el. ] 994)! The rate
of efnux v_ dependent upon the concentration of nitrate or nitrite in the cytophlam in
the mot cells. In turn the concentration Jrlthe cytoplasm was dependent upon the rates of
uptake, tramsl0eation into the vlcuoles, and reduction At low external concentrltions of
substrates,emux was much les_ seriou_ ted Nur, e efficiency was much greater.

Effect of'ammonium on effiux..Pflor to this work, it was thought that ammoniurfi
inhibited net uptake ofnitrate, by Inhibiting influx. We showed thee smmoniu_ inhibits

net nitrate uptake by increasing efflux; ammonium did not affect influx (Aslam _ el.
1994). Ammonium increasedemux in direct proportional to the internal concedtration of
nitrate. Since most nutrient solutions contain both nitrite and ammonium, N u_
emciency decreases as the concentration ofnitr,te in_reese_

]_lTect ol'plB and Ca z" on influx and gmux. At acidic pH, the decrease in net _itrate
uptake is due to the stimulation o£eflqux with no effect on influx, whereas at basic pH, it
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is due to like inhibition of|nflux At acidic pH, Ca2" increased net uptake by de_mlng
nitrate eflqux ('Aslsm et gl. 1995).

Root perlurbation and e:dsion on nitrate influx and efllua. Investigators ha_,eoften
worried that pertcrbation of'the: roots during uptake experiments may affee.t the u_take
rates of an ion. In this study, perturbation was simulated by mechani_lly ,trikink the
intact roots with a glass rod. The remits showed that ran( perturbation and ¢xcJs_on had
no efl'o_-ton nitrateinfluxbutinhibitednetuptakeby stin_lafing¢_ux (Aslam dkal.,

19o_6). ',
I

Induction of uptlbke systems. The high Km nitrate and nitrite transport systems!were

induced linearly up to I0 gM by either nitrate or nitrite after a 0hen lag period (A slam et
al. 1993; Ooyal. Huff'akcr. 1986b), Above 10 _uMnitrate, induction by nitrate ¢ohtlnued
more slowly, induction by nitrite dec,r_ased aharply, _aparently due to nitrite toxically
(Aslam et 11. 1993). Ammonium partially inhibited both the nitrate and nltrite
transporters. "]'henitrate transporter was twice as sensitive to ammonium than th_ nitrite
transporter (Aslam et at. 1996).. This may relate to higher turnover rates of me_brane-
usociat_ nitrate transport proteins

Reduction and anbnilalion. Nitrate and nitrite are reduced to the level of amm0nium

bythe enzymes nitrate reduotase (NR) and nitrite reduot,e CNig). Ammonium ts
assimilated via glutamate synthase and glutamate synthelase. Urea is converted io
ammonium and CO= by urease; ammonium is then assimilated in the usual way.'

Both NIL and NiR are induced by nitrate and are in eonstam turnover (e.g,Velas_ et al.

19a9)

Induction of' N1Rand NIR 0¢aveJ). The comparative induction of NR and NiP. _)y

ambient nitrate and nitrite as a _nction of influx, reduction (as Hg was induced)_and
accumulation in leaves was determined (Aslam et al. 1987). A dynamic interactmn
amongst thee processeswas found.The activityOfNIL asitwas induced, influencedits

furtherinduction by affecting the internal concentration of nitrate, As the ambient
concentration of nitrate increl$¢d, the relative influences imposed by influx and _eduction
on nitrate am,cumulation changed with influx becoming a more predominant roguhnt.
Significant concentrations of nitrate accumulated in nltrlte.ted leaves, lqg was dot
induced by nitrite until nitrate appeared in the leaves Nitrate was the more likel_inducer

of Ng than was nitrite. Evidence showmJ that Nig wM induced by nitrate directly.
_thout being reduced to nitrite. Absorbed nitrite induced NiR indirectly after biing
oxidized to nitrate within the leaf(Aslam, HulTaker, 1989).

Induction in roots, Although both ions induced NR hl_ was effective at a Iowd/
concentration than was nitrite (Aslam ©tal. 1993). Both ions equally induced NiR.

Possible Relationship of NR and the nitrate transport protein, Membrane as,_ociated
NR was de_eoted in plasma membrane (PM) Erosions isolated fi'om barley roots. Anti-
1_ immunoglobulin G _ments purified from anti-Ng serum inhibited nitrate .bptake
by more than 90% but had no effect on nitrite uptake (Ward et al. 19gg, 89). It iS
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pos.ible d_lt these: two PM proteins mL)- be relate& h also ind|cttes thM the nltt_t¢

tran0pon_ may be distinct from the nitrate transporter.

Ezperlmentsl stl_nificsnce of"the sludie_..The Mudy _-prmmnt_ an effective u_ or"

basic spptolIches Icedins to a practicsI u_dcrstemdtni of how ¢0 ett'eclively uee _'
combination of nitrate, nitre, ammonium, xnd urea in a nutrient solution with ad eye

Iowlurds ]q use et_eiency. Since lhese are the expected products or' recovc._, fro_.
biologirml mlterial8, it seems importllnt to reutilize them with a minimum ofohet_icsl
conversions. We provided a basis for underJtendin8 their respective up_ke _d '
assimilation slonl_ with |he intenv:tlons in the uslmilstion processes We rutthe_

provided a mcqhod and equlttioll$ to calculzte the optimum concentrations for uptake of
the mixed sources.

i
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